Production of Al/Cu-Particles and their Potential for Processing by Laser Beam Melting (LBM)  by Sachs, Marius et al.
 Physics Procedia  56 ( 2014 )  125 – 134 
Available online at www.sciencedirect.com
1875-3892 © 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Bayerisches Laserzentrum GmbH
doi: 10.1016/j.phpro.2014.08.155 
ScienceDirect
8th International Conference on Photonic Technologies LANE 2014 
Production of Al/Cu-Particles and their potential for processing by 
Laser Beam Melting (LBM) 
Marius Sachsa,*, Oliver Hentschelb,c, Jochen Schmidta, Michael Kargb,c,
Michael Schmidtb,c, Karl-Ernst Wirtha
a Institute of Particle Technology, Friedrich-Alexander-Universität Erlangen-Nürnberg, Cauerstrasse 4, 91058 Erlangen, Germany 
b Institute of Photonic Technologies (LPT), Friedrich-Alexander-Universität Erlangen-Nürnberg, Konrad-Zuse-Str. 3-5, 91052 Erlangen, 
Germany
c Erlangen Graduate School in Advanced Optical Technologies (SAOT), Friedrich-Alexander-Universität Erlangen-Nürnberg, Paul-Gordan-Str. 
6, 91052 Erlangen, Germany
Abstract 
To investigate the potential of Laser Beam Melting (LBM) in powder bed process for wrought aluminium-copper alloys, tailor-
made particles with a varying amount of copper on the particle surface are produced by decomposition of copper acetate 
(CuOAc). Decomposition of CuOAc and coating of the Al-particles are performed in a fluidized bed reactor (FBR) with nitrogen 
as carrier gas. Since heat and mass transfer in an FBR are regarded as ideal, no concentration gradients are observable which is
preferable for gas-phase deposition processes. The amount of deposited Cu on the Al-particles has been investigated using differ-
ent methods. Hereby also the growth mechanism has been investigated. The influence of the copper deposition on absorptivity is 
determined using integration spheres. 
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1. Introduction 
In recent years additive manufacturing processes have gained more and more interest to be used for industrial ap-
plications. In order to satisfy the demand for high-strength light-weight materials, custom-made metallic materials 
for laser beam melting (LBM) process are necessary. Within this contribution a novel process for the production of 
composite particles using a gaseous-phase reaction is presented. Based on aluminium particles, copper is deposited 
on the particles surface in a fluidized bed reactor. As copper source copper (II) acetate is used which decomposed 
and the aroused copper is deposited in-situ.  
Fluidized bed reactors are widely used in gas phase reactions due to excellent heat and mass transfer mechanisms 
induced by the fluidized behavior of the particle material [1]. Nevertheless the necessary process development to 
achieve stable process conditions is rather challenging. The main problems during technical processes are induced 
by poor fluidization behavior, which is directly connected to the flowability of the treated particles. A systematic 
characterization method for the flowability of powder material was developed by Geldart [2] in 1973. He investigat-
ed the influence of particle size and particle density in comparison to the fluidization fluid’s density (see Fig. 1). In 
the considered process the fluid density can be neglected since gaseous nitrogen is used.  
Fig. 1. Different groups of flowability after Geldart [2]. 
After Geldart, particles can be divided in four groups:  
A (aeratable) Small particle size and small density leads to good fluidization behavior 
B (bubbling) Increased particle size leads to the formation of gas bubbles  
C (cohesive) Bad flowability and thus rather bad fluidization behavior caused by a small particle size in    
                      combination with low density  
D (dense) High density and rather big particles lead to poor fluidization behavior 
The metal particles considered in this contribution can be assigned to group A. Depending on the demanded pro-
cess conditions, fluidized bed processes can be operated in different regimes. The main regimes are shown in Fig. 2. 
Depending on the gas velocityݒሶ in comparison to the minimal necessary gas velocity ݒሶmf which is needed to over-
come the gravity forces acting on the single particles, different flow regimes can be achieved. Starting from the fixed 
bed on the left side where the gas velocity is not sufficient for a fluidization of the particles, the bed expands with 
increasing gas velocity towards the right (see Fig. 2). If the gas velocity is higher than ݒሶmf¸ a bubbling fluidized bed 
is achieved. A further increase of the gas flow leads to release of particles. These could then be recycled and again 
fed to the reaction zone.  
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Fig. 2. Overview of the main process regimes of FBRs. 
In the process presented here , the process gas velocity equals the minimal necessary gas velocity to achieve a 
stable process behavior during the experiment.  
Copper acetate is used as Cu precursor. Since metal acetates are widely applied as precursors, the decomposition 
behavior [3] as well as the kinetics of the decomposition [4] in different gas atmospheres have been intensively in-
vestigated and are well known.  
2. Materials and Methods 
Commercially available aluminium powder with a particle size of x50,3=40 µm is used for the process. The reac-
tion is achieved in a fluidized bed reactor, since these reactors show excellent heat and mass transfer mechanisms 
[1]. The reactor is made of stainless steel and has a diameter of 50 mm. A technical sketch of the used reactor is 
shown in Fig. 3. The reaction zone can be monitored using thermocouples. The bottom of the reactor is described as 
a feed zone. Here the needed gas for fluidization of the bulk powder is supplied and homogenously distributed by a 
porous sintered metal plate. The necessary process is supplied by heating tapes wound around the reaction zone. 
Fig. 3. Technical drawing of the fluidized bed reactor. 
For every experiment a volume of 100 cm3 of aluminium particles, which corresponds roughly to 130 g, is mixed 
with solid CuOAc in the reactor. For the experiments, different amounts ranging from 0.5 g to 5 g, of CuOAc were 
fed into the FBR.  
The reaction temperature was set to about 250 °C since it is known from literature that the decomposition of the 
used copper acetate begins at about 220 °C [4]. 
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For measuring the optical response, respectively the absorptance A, of the varying AlCu-powder systems an ex-
perimental setup, as illustrated in Fig. 4, is used. To conduct these experiments the powder samples are deposited as 
thin layers with a constant layer thickness in the order of 200 µm. In this context the layer preparation was done by 
scraping a coating knife. 
The experimental setup consists of two gold-coated Ulbricht spheres, an Nd:YAG Laser with a wavelength of 
1064 nm, a movable semiconductor-detector for measuring the power of the reflected or transmitted laser light alter-
natively, an arrangement of three reflecting mirrors for guiding the analysis beam and an optically transparent potas-
sium chloride specimen-holder placed between the two Ulbricht spheres. According to [6] and [7] the applied Ul-
bricht sphere setup allows the determination of the reflectance R and the transmittance T of the pre-placed powder 
layers with high accuracy, because the incoming laser light is distributed homogeneously via non-directional reflec-
tion and scattering at the spheres’ rough inner surfaces.  
Fig. 4. Experimental set-up for the optical analysis using integrated spheres. 
After measuring the complete reflectance R and transmittance T the absorptance A of the deposited powder layers 
can be simply determined by equation 1. 
ܣ ൌ ͳ െ ܴ െ ܶ                   (1) 
In contrast to other measurement methods for determining the optical response such as conventional reflectance 
spectroscopy the used Ulbricht sphere setup allows to detect the complete radiation, including the diffusely reflected, 
diffusely transmitted and scattered light, so that an averaging of influences by varying angles of incidence and polar-
ization states of the laser radiation is possible. Because of the named reasons the presented Ulbricht sphere setup is 
excellently suited to measure the optical response of thin powder layers as applied in the field of laser beam melting. 
The collimated analysis beam is guided in the upper sphere inclined by an incident angle of 8° towards the vertical 
in order to prevent a direct back-reflection of the analysis beam towards the hole of the upper sphere. To prevent 
heating and subsequent oxidation, melting or sintering of the placed powder layers the applied laser power was set 
to a moderate level under 400 mW and the effective beam diameter on the powder samples was measured using a 
beam viewer to have a diameter of approximately 1.5 mm. Each powder material was measured using at least 4 
prepared layers at room temperature and under standard atmosphere in order to allow a statistical interpretation of 
the measurements. 
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3. Results  
To determine the amount of copper attached to the surface of the Al-particles, different measurement techniques 
were utilized. The number of measurements per sample (n) was three for all presented results. To measure the over-
all Cu-concentration on the aluminium particles after the coating process, inductively coupled plasma optical emis-
sion spectrometry (ICP-OES) was used. The results are shown in Fig. 5. Displayed is the measured Cu-concentration 
as a function of the amount of CuOAc in the feed of the process.  
Fig. 5. Measured Cu-Concentration by ICP-OES. 
Fig. 5 indicates that the amount of copper deposited on the Al-particles surface is somehow independent from the 
amount given at the start of the reaction for small amounts of CuOAc. Increasing the amount of feed CuOAc to 5 g, 
leads to an increase of deposited copper on the particles to 110 mgCu/kgAl.
For a comparison of different feed mechanisms, another experiment was conducted were the copper acetate was 
solubilized in ethanol absolute. The gained copper solution was then distributed in the hot reaction zone of the FBR 
using a commercially available injection syringe with a capacity of 100 ml. The measured concentrations of Cu by 
ICP-OES are displayed in Fig. 6. 
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Fig. 6. Amount of deposited Cu with respect to the status of CuOAc. 
The results given in Fig. 6 give insight in the decomposition mechanisms inside the hot reaction zone. The solid 
feed material of CuOAc clearly leads to a higher concentration of Cu on the Al-particles. The necessity to overcome 
the heat enthalpy to evaporate the needed EtOH in combination with a very small residence time of droplets of 
Cu/EtOH in the fluidized bulk Al-particles leads to low amount of Cu deposited using CuOAc in solution. 
To investigate the interaction between Cu in the gaseous phase and the surface of the Al-particles and its influ-
ence in the outcome of the coating process measurements using energy dispersive X-ray spectroscopy (EDX) have 
been performed. Using this technique, single spots on the Al-particles surface can be analyzed regarding the elemen-
tary composition. The set-up with marked points and regions of interest can be seen in Fig. 7. The points #1, 2 and 4 
mark islands on the particle surface, whereas region #3 marks clear particle surface.  
Fig. 7. SEM image with marked points/regions of interest for EDX analysis. 
To display the elementary composition of the marked points and regions shown in Fig. 7, the results for EDX 
analysis with respect to the detected Cu are shown in Fig. 8. Here the amount of copper in atom-% is illustrated for 
the named regions. Error bars are also included but are hardly visible and can thus be neglected.  
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Fig. 8. Analysis result of the particle shown in Fig. 7. 
Comparing the measured amount of copper and the habitus of the surface seen in the SEM image, it is obvious 
that the deposition of the copper has taken place in an island-like growth. An example for a grown island of copper 
is marked in Fig. 9. Such a deposition mechanism is common for gas-phase deposition processes, especially for 
metallic precursors [5]. A possible explanation for the observed deposition mechanism is mainly a inhomogeneous 
host-particle surface which can be a consequence of unwanted residues of the manufacturing process. Still the com-
position of the single investigated islands also differs in the amount of copper.  
For a further analysis, another Al-particle is investigated. Hereby, different islands are marked and measured. The 
corresponding SEM image is shown in Fig. 9. 
Fig. 9. Specific areas selected for elementary analysis using EDX. 
The particle displayed in Fig. 9 shows many grown islands on the Al-particles surface. The measured amount of 
copper for different deposited islands is given in Fig. 10.  
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Fig. 10. Amount of copper detected by EDX within specific islands. 
Fig. 10 shows the span of measured amount of copper for different islands on the particles surface. The differ-
ences could arise from different growth kinetics due to different properties of the Al-particles’ surface.  
The results of the measurements of the optical response using the Ulbricht-sphere setup explained above are 
shown in the following figures. Fig. 11 displays the absorptance of the samples for different Cu contents given by 
ICP-OES. For reference, the values for pure aluminium and pure copper are indicated by the grey dashed lines.  
Fig. 11. Measured absorptance A for different copper contents.
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The results given in Fig. 11 clearly show the influence of the deposited copper on the Al-particles surface. The 
measured absorptance of the created material system is in between the reference values for the pure source material. 
The highest absorptance lies within the expected range for the low amount of copper deposited and due to deter-
mined growth mechanism. An increased amount of Cu does not lead to a significant change of the optical behavior. 
This effect could again be observable due to the island like deposition mechanism of the copper on the surface of the 
aluminium particles surface. The explanation could be, that the size of the deposited islands has less influence on the 
optical properties than their number. An explanation could be, that the size of the Cu-islands, and not the number, 
might increase with increased Cu-concentration on the particles surface. This behavior is currently investigated, but 
follows observed deposition mechanism reported in literature [5].  
The values for the reflectance also show the influence of the deposited copper and are within the expected range. 
The results of the reflectance for the different copper concentrations are shown in Fig. 12. Again the grey lines indi-
cate the values for the pure materials.  
4. Conclusion  
We have shown a deposition process for the production of composite particles from commercially available Al-
particles used for LBM processes as base material. Using a fluidized bed reactor we were able to deposit defined 
amounts of copper on the particles’ surface. The produced material was investigated using ICP-OES to determine the 
overall deposited amount of copper. Furthermore, EDX measurements were conducted to further gain insight in the 
deposition behavior of the copper materials. Hereby, an island growth mechanism was observable. The deposition of 
the copper also influences the optical properties of the Al-particles which were investigated using an Ulbricht-sphere 
set-up. Relatively low amounts of copper already lead to a change of the absorptance and reflectance of the particles. 
This effect is now studied in further research to develop multi-material systems tailor made for the named LBM 
processes. Additionally, actual processing of said powders in LBM for additive manufacturing will be investigated 
experimentally. 
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Fig. 12. Measured reflectance R for different copper contents.
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